ABSTRACT
Food characteristics, including energy density and macronutrient composition, can influence eating 54 behavior, satiety and consumer liking. In this regard, the role of macronutrients in the modulation of 55 satiety sensations have been widely studied both in acute and in long term studies (1). As early as the 56 1980s, Blundell and Burley hypothesized that fiber consumption could limit energy intake by 57 inducing satiation (short term sensation causing the end of eating) and satiety (involved in the 58 maintenance of the sensation and determining the subsequent eating event) (2).
59
In this context, the physicochemical properties of fiber (e.g. solubility, viscosity and fermentability) 60 as well as the characteristics of the food matrix could be considered crucial variables in the regulation 61 of satiety sensations and energy intake. Viscous fibers have shown to affect subjective appetite and proposed. Firstly, fiber-rich foods can contribute to a reduced energy density of the whole diet. In 65 addition, fiber-rich foods are generally less appealing than more energy-dense foods, further affecting 66 energy intake. Fiber-rich foods generally take longer to chew, so further promoting satiety. However, 67 the main effect on satiety attributed to fiber is linked to its capacity to increase the fecal bulk by 68 adsorbing water from the surrounding, increasing viscosity, slowing intestinal transit and, 69 consequently, delaying gastric emptying (5). These events blunt the absorption of fat and 70 carbohydrates, extending the period by which these nutrients may exert their effect on satiety through 71 pre-absorptive mechanisms (5, 6). Moreover, fiber may decrease energy absorption by lowering the 72 bioavailability of fatty acids and proteins and can be finally fermented in the colon. Derived short 73 chain fatty acids seem to be involved in the modulation of satiety sensations in the long term (7).
74
As regards proteins, several studies reported their greater satiating potential compared to other 75 macronutrients. Evidence suggest that the satiating effect of proteins is greater when compared to iso-76 energetic amounts of carbohydrates and fat (8, 9). Several mechanisms have been proposed for 77 justifying such effects. Firstly, protein intake seems to be related to the release of satiety-involved 
94
The ingestion of animal protein, compared to vegetal protein, have been shown to induce a higher 95 energy expenditure. However, these effects seem to be masked when a mix meal is consumed.
96
In this scenario, there is a growing interest in investigating the satiating effect of widespread foods 97 also to better identify the most effective factors involved in satiation and satiety.
98
Among the most popular and consumed foods there is dried semolina pasta. In fact, it is an easy-to-99 use food and its formulation, by means of adequate technological processes, may be easily diversified 100 to obtain assorted products, characterized by different types and percentages of fiber and protein with 101 specific potential effect on satiety related sensations. Based on these considerations, the aim of the 
Study design 128
The effect of the different pasta formulations on satiety-related sensations was evaluated by a 129 randomized repeated measure design. In order to limit the impact of menstrual cycle on eating behavior, 2 130 6 tests per month were scheduled for each volunteer considering that tests had to be performed 1 week apart. 
140
Once arrived at the laboratory kitchen at 1 p.m., volunteers were seated in a comfortable room until 141 the conclusion of the experiment. To avoid altered satiety-related sensations due to aversive 142 conditions, female subjects were asked to fill a short questionnaire assessing general well-being and 143 hunger feeling at fasting condition. In particular, volunteers were asked whether they felt nauseated, 144 head-ached, sleepy, weakened, starved or full. Scores were rated on 100mm Visual-Analogue Scale
145
(VAS), anchored at either ends with opposite statements ("not at all" and "very much"). Declared 146 sensation of headache, nausea and fullness resulted in a re-scheduling of the test day.
147
Once ascertained the conformity, subjects consumed the whole pasta portion in 15 minutes max, the 148 fruit (150 g apple), and 500 mL plain water was available. VAS questionnaire assessing satiety 
Composition of the lunch 178
Five different dried semolina spaghetti formulations were tested: 1) high fiber (mix of soluble and 179 insoluble fibers, including resistant starch, oat fiber, inulin); 2) high fiber (same mix) and high protein 180 (soy + egg); 3) high protein (soy isolate); 4) high protein (egg white) and 5) a standard commercial 181 pasta as "control". The nutritional composition of the five pasta formulations is reported in Table 1 . 
187
The ad libitum test snack consisted of an assortment of different foods (sweet, salted and yogurt),
188
generally selected by the target of subjects involved in the study: 38 g minicake (Barilla G. e R. 
191
Subjects could eat each product as much as they liked.
192
The nutritional composition of the whole lunch and the ad libitum test snack proposed to volunteers 
Data Analysis 195
Statistical analysis was performed by STATISTICA software (Statsoft Inc., Tulsa, OK, US). Changes The relationship among palatability-, satiety-related attributes and snack energy intake was studied used to find significant variables (>50% explained variance) (24). PLS modeling was performed using 208 the software The Unscrambler X (CAMO, Norway). 
RESULTS

210
Results refer to 19 out of 20 women since one subject voluntarily dropped out before the end of the 211 study. All the female subjects enrolled were young (mean age: 28.6 ± 5.5 y) and normal weight (BMI: 212 20.9 ± 2.2 kg/m 2 ). All subjects consumed the whole meal provided (i.e. pasta with tomato sauce, 213 apple) and water intake (330 ± 20 mL as a mean) was comparable in each test day. 
Food palatability 215
Tables 4 summarizes the subject's ratings related to liking and sensory properties of the 5 pasta 216 formulations, expressed as mean ± SD. In the whole, "high fiber and high protein" and "high protein
217
(egg white)" pasta resulted less appreciated than other formulations, receiving significantly lower 218 scores at the questions "How pleasant is this pasta?" and "How difficult was the pasta to eat?" (p 219 <0.05). The lower palatability of these formulations was due to several sensory properties, 220 considering that texture, color and taste scores were lower than those for "high fiber", "high protein
221
(soy isolate)" and "control" pasta. 
Appetite sensations after pasta consumption 223
Figures 2, 3 and 4 report the rating curves of fullness, desire to eat and satiety sensations over time 224 and the related AUC values. Ratings were calculated by subtracting baseline ratings.
225
Fullness was significantly higher in all the formulations compared to control pasta (p<0.05), except 226 for the "high fiber" pasta, and remained high up to two hours after pasta consumption.
227
Overall, satiety and desire to eat were not significantly different among the five pasta formulations, 228 even if LSD test evidenced higher satiety levels (p<0.05) following "high fiber" and "high protein 229 (soy isolate)" pasta compared to control, both immediately after and two hours after pasta 230 consumption.
10
On the contrary, desire to eat following "high fiber and high protein" and "high protein (soy isolate)" 232 was significantly lower (p<0.05) both immediately after and two hours after pasta consumption 233 compared to control pasta formulations.
234
The results obtained on individual ratings were confirmed also by the AUC analysis as shown in
235
Figures 1, 2 and 3. In fact, it was confirmed the effect of the different pasta formulations on fullness 236 but not on satiety and desire to eat, with "high fiber and high protein", "high protein (soy isolate)" 237 and "high protein (egg white)" as the most effective formulations when compared to control pasta.
238
The analysis of satiety quotients was performed to contribute in the understanding of the effect of the 239 pasta formulations in the control of satiety sensations.
240
The quotients related to fullness resulted significantly higher for all formulations compared to control 241 pasta both immediately after lunch and over the subsequent two hours as indicated in Table 5 . "High 242 fiber and high protein" pasta, but not the other pasta formulations, induced significantly lower desire 243 to eat than control pasta both after lunch and after snack consumption, while only "high fiber" pasta 244 showed a higher satiety quotients compared to control. respectively. The first factor explains respectively the 58% and 56% of the variation in X and Y, 253 while the second factor accounts for respectively the 7% and 39%. Figure   257 11 5B) give a positive contribution to the Y estimate, while variables located in the opposite part of the 258 graph contribute negatively to the Y estimate.
259
The Correlation loadings plot shows that Palatability-related attributes (except difficulty to eat) are 260 positively correlated to snack energy intake, whereas fullness variation and AUC as well as difficulty 261 to eat are negatively correlated to snack energy intake. The Correlation loadings plot also shows that 262 satiety and desire to eat (both variation and AUC) play a marginal role in predicting snack energy 263 intake.
264
The comparison of the Scores ( Figure 5A ) and Correlation loadings Plots ( Figure 5B) shows that the 
275
In the current study, we aimed to evaluate the effect of innovative pasta formulations on satiety 276 response and on mid-afternoon energy intake in an Italian group of young healthy women.
277
The first consideration rising from the results is a reduced palatability of some pasta formulations as 278 rated by these regular consumers. In fact, "high protein (egg white)" and "high fiber (mix of soluble 279 and insoluble fibers) and high protein (soy+egg)" pasta resulted less appreciated than the other 280 formulations, indicating that egg protein are likely to negatively affect the sensory properties of pasta, 281 except for the appearance.
282
All the pasta formulations compared to the control pasta significantly affected satiety-related 283 sensations; however, the differences in palatability among products seem to be an important 284 modulatory factor.
285
Considering the different sensations, fullness was significantly higher in all the formulations than 286 control pasta except for the "high fiber" pasta. As previously reported, fullness is the easiest sensation 287 to identify because strictly related to physiological feelings (27, 28). Conversely, desire to eat and 288 satiety did not differ after pasta consumption, plausibly due to the simultaneous implication of both 289 physiological and psychological aspects. effect of protein not considered in our study (i.e. sensations were followed for 2 h from pasta intake).
296
Conversely, we found that "high fiber and high protein" formulation contributed negatively to snack 297 energy intake, probably because less liked, more difficult to eat and able to increase fullness.
298
As regard the effect of food containing both protein and fiber on satiety, it has not been fully 299 understood. Lee and coworkers reported a significantly higher self-reported satiety in subjects 300 consuming lupin kernel flour-enriched bread at breakfast (31). However, the same group failed to 301 demonstrate a significant effect on body weight in overweight men and women following a long-term 302 ad libitum diet added with this enriched bread (32).
303
Some authors also reported that animal or vegetal proteins might exert different specific effects in the 304 modulation of satiety sensations and energy intake (33, 34). It may be related to a diverse stimulation 305 of amino acid synthesis and oxidation (35) probably due to the different digestion rate of these two 306 protein classes. However, in the present short term study, we could not demonstrate differences on 307 satiety-sensations between the two pasta formulations made with animal or vegetal protein.
13
As regards fiber, it has been shown that it can affect food consumption through an effect on gastric 
312
In our experimental conditions (i.e. evaluation in the short-term), the lack of effect of the "high fiber" 313 pasta on fullness might be at least partially ascribed to the lower energy intake of this formulation.
314
Indeed, when women were asked to consume a larger portion of this pasta (i.e. 130 g vs. 90 g) to get 315 the same energy intake of the other formulations the rating of fullness was significantly higher than 316 that of control pasta (data not shown).
317
These results are in agreement with a previous study finding that consumption of fiber-rich 318 wholemeal breads increased satiety ratings compared to refined breads without significant effect on conflicting results could be due to the different types and doses of fiber, as well as to subjects and 325 study design used with respect to our investigation (i.e. where only women with BMI in the normal 326 range have been considered). In addition, differences in product preparation (i.e. the cooking 327 procedure) can greatly affect the results on acceptability and eating behavior.
328
In the present study, we also considered the satiety quotients, introduced by Green et al. (22) to 329 standardize the satiety sensations in relation to the energy intake. Satiety quotients can give a measure 330 of the extent to which the food eaten during the eating episode reduced subjective appetite per unit of 331 intake. Our results on satiety quotients did not differ from those on satiety-sensation ratings and AUC.
332
As an exception, quotient for satiety and fullness following "high fiber" pasta were significantly lower 333 probably due to the lower energy content compared to the other formulations.
334
As regards mid-afternoon snacking, we found that only the "high fiber and high protein" pasta 335 formulation had a significant effect on subsequent energy intake. These results are partially in contrast 336 with those reported by the above-mentioned study by Korczak et al. (39), who did not find differences 337 among the pasta treatments for snacking. In that study, as discussed by the authors, since the majority 338 of subjects were students with limited budget, they ended up consuming most of the snacks regardless 339 of any satiety-related sensations. In addition, differently from our study, the blend of snacks included 340 highly palatable and appealing foods, thus probably contributing to the failure in the control of food 341 intake. Finally, differences among findings can be ascribed to the different composition of pasta 342 formulations as well as to the fact that our study was performed in a group of Italian volunteers for 343 whom pasta is consumed on a daily basis.
344
Our work has several strengths. Firstly, the use of a cross-over design allowed the subjects to act as 345 their own control, so reducing the impact of inter-individual variability. Moreover, the selection of 346 snack was performed considering the characteristics of volunteers and comprised a blend of foods 347 that are typically consumed as mid-afternoon snack. Regarding limitations, we used a short term 348 protocol to evaluate the impact of pasta formulations on eating behavior thus we cannot exclude 349 different effects in the long term. Moreover, it is important to consider that all the subjects enrolled 350 in our study were young and normal weight women, in which cognitive factors could play an 351 important role on eating behavior and we did not specifically ascertain the presence of restraint eating.
352
Therefore, our results may be not overall translated to the general population.
353
CONCLUSIONS
354
In the present study, we investigated the effect of consumption of five different pasta formulations sensations and subsequent energy intake, at least in our condition of preparation and specific target 361 population (i.e. young women). In this regard, it is important to consider that sensory properties of 362 foods seem to be critical determinants of eating behavior, thus a fundamental variable for the design 363 of products tailored to different types of consumers.
364
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